The Fas/APO-1 siorv began in 1989 when two 
research groups independently reported the isolauon 
of monoclonal antibodies that had the startling prop- 
erty of killing cells upon binding to a cell surface 
receptor. Anti- APO-1 was raised against B cells trans- 
formed by Epstein-Barr virus <EBV). and nanogram 
amounts killed this and a variety of other cell types 
by apoptosis' (for an introduction to apoptouc cell 
death, see the first article in this series, by McConkey 
and Orrenius). Anti-Fas. an antibody raised against 
FS-7 fibroblasts, had similar properties 1 . Subsequent 
molecular cloning finally demonstrated that 
both antibodies recognized the same antigen 
Remarkably, a single injection of anti-APO-l was 
sufficient to cause regression of human ^lymphoid 
tumours growing in nude mice. The anti-tumour 
activity of anti-APO-l required neither complement 
nor antibody-dependent cell-mediated cytotoxicity, 
raising intriguing prospects for a potential cancer 
therapy. 

Fas/APO-1 structure and expression 

The cDNA coding for the Fas antigen was isolated 
from a T-cell lymphoma cDNA library by using a 
direct expression strategy 1 : COS ceUs transfected with 
Fas cDNA underwent apoptosis upon treatment with 
the antibody. In an independent approach, the 
cDNA for APO-1 was cloned by hybridization to an 
oligonucleotide derived from a peptide sequence of 
the purified antigen, and it was found to be identical 
to the Fas cDNA*. The Fas or APO-1 antigen, called 
Fas/APO-1 in this review, has recently also been 
designated CD95. 

The Fas/APO-1 cDNA encodes a 45 kDa glycosyl- 
ated transmembrane protein with three characteris- 
tic cysteine-rich extracellular domains. This struc- 
tural organization makes Fas/APO-1 a member of a 
family of receptor molecules that includes the two 
types of tumour necrosis factor (TNF) receptors, the 
low-affinity NGF receptor, the T-cell-activation 
marker CD27, the Hodgkin-lymphoma-associated 
antigen CD30. the B-cell antigen CD40 and some 
other mammalian and viral homologues (Fig. la). 
Homology between the members of the TNF/NGF 
receptor superfamUy is usually restricted to the extra- 
cellular domain. Fas/APO-1 additionally displays 
significant homology with the TNF-receptor type 1 
(TNF-RI) in an intracellular stretch of about 80 amino 
acids (Fig. Ib). This domain, which contains no rec- 
ognizable signalling motif, has been designated the 
'death domain', since in both molecules it seems to 
transmit a cytotoxic signal 1 -'. Removal of the IS 
C-terminal amino acids in the cytoplasmic portion 
of Fas/APO-1 results in a molecule with enhanced 
cytotoxic activity, suggesting that this region may act 
as an inhibitory doTnain , - 

By northern blot and immunohistochemical analy- 
ses expression of Fas has been identified in a wide 
variety of tissues and cells WJ0 - , *. Fas/APO-1 mRNA 
was detected in mouse liver, heart, ovary, muscle and 
thymus, but not in brain, bone marrow and spleen 10 . 
• Fas/APO-1 is present in numerous cell types includ- 
ing hepatocytes. endothelial cells, keratinocyies. 
intestinal tract epithelial cells and lymphocytes. In 
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beei\ identified as important mediators of apoptosis. Both « 
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disorders. Understanding the mechanism and regulation of |. 
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resting lymphocytes expression is low or unde- 
tectable, but it greatly increases upon cell actrvation. 

tdentlfic.Oon of the Fm/APO-1 Hg«nd 

Following cloning of the Fas/APO-1 receptor. Its 
ligand was highly sought by immunologists. The cells 
that expressed the ligand and whether it was a sol- 
uble or cell-associated molecule were not known. An 
important due was provided by the observation that 
PC60 cells, a cytotoxic T<ell hybridoma line, could 
lyse target cells bearing Fas/APO-1 but not cells 
lacking this receptor 1 '. A chimeric fusion protein 
consisting of the murine Fas/APO-1 and an immuno- 
globulin Fc construct was used to select a subpopu- 
lation of these cells producing the Fas/APO-1 ligand. 
and to clone the gene encoding the ligand. The gene 
encodes a 40 kDa type II transmembrane protein 1 . 
Not surprisingly, the C-terminal region displayed strik- 
ing homology to TNF and related factors (Ftg. 2). As 
with the binding of TNF to its receptors, Fas/APO-1 
receptor engagement seems to be primarily mediated 
by direct cell-cell contact. However, since super- 
natants of transfected COS cells contain cytotoxic 
activity, Fas/APO-l Ugand. like TNF. may be proteo- 
tytically released from the cell membrane and physio- 
logically active in a soluble form. 

The mRNA for Fas/APO-1 Ugand is detected at high 
levels in rat testis whereas kidney, small intestine and 
lung produce only moderate levels*. The Ugand is 
present constitutively in spleen and at tow levels in 
the thymus. Expression is greatly increased upon 
treatment of cells with concanavalin A. or phorbol- 
esters together with Ca 2 * ionophores. 

Signal transductlon'by Fa«/APO-1 

Fas/APO-1 exhibits several structural and func- 
tional similarities to the TNF receptor system^ The 
receptors show significant homologies to each other in 
their extra- and intracellular regions. By analogy to the 
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The Fas/APO-1 storv began in 1989 when two 
research groups independently reported the isolation 
of monoclonal antibodies that had the startling prop- 
erty of killing cells upon binding to a ceil surface 
receptor. Anti-APO-l was raised against B cells trans- 
formed by Epstein-Barr virus (EBV). and nanogram 
amounts lulled this and a variety of other cell types 
by apoptosis 1 (for an introduction to apoptouc cell 
death, see the first article in this series, by McConkey 
and Orrenius). Anti-Fas, an antibody raised against 
FS-7 fibroblasts, had similar properties 2 . Subsequent 
molecular cloning finally demonstrated that 
both antibodies recognised the same antigen . 
Remarkably, a single injection of anti-APO-1 was 
sufficient to cause regression of human Wyrnphoid 
tumours growing in nude mice. The anti-tumour 
activity of antj-APO-1 required neither complement 
nor antaKxry^lepertdent cell-mediated cytotoxicity, 
raising intriguing prospects for a potential cancer 
therapy. 

Fas/APO-1 structure m*d expression 

The cONA coding for the Fas antigen was isolated 
from a T<dl lymphoma cONA library by using a 
direct expression strategy 3 : COS cells transfected with 
Fas cDNA underwent apoptosis upon treatment with 
the antibody. In an independent approach, the 
cDNA for APO-1 was cloned by hybridization to an 
cOigorrudeotide derived from a peptide sequence of 
the purified antigen, and it was found to be identical 
to the Fas cDNA*. The Fas or APO-1 antigen, called 
Fas/APO- 1 in this review, has recently also been 
designated CD95. 

The Fas/APO-i cDNA encodes a 45 kOa glycosyl- 
ated transmembrane protein with three characteris- 
tic cysteine-rich extracellular domains- This struc- 
tural organization makes Fas/APO-1 a member of a 
family of receptor molecules that includes the two 
types of tumour necrosis factor (TNF) receptors, the 
low-affinity NGF receptor, the T-ceU-aalvation 
marker CD27, the Hodgkin-h-mphoma-associated 
antigen CD30. the B-cell antigen CD40 and some 
other mammalian and viral homologues (Fig. la). 
Homology between the members of the TWF/KGF 
receptor superfamUy Is usually restricted to the extra- 
cellular domain. Fas/APO-1 additionally displays 
significant homology with the TNF-teceptor type 1 
(TNF-R1) in an intracellular stretch of about 80 amino 
acids (Tig. lb). This domain, which contains no rec- 
ognizable signalling motif, has been designated the 
'death domain', since In both molecules it seems to 
transmit a cytotoxic signal 4 * Removal of the 15 
C-terminal amino adds in the cytoplasmic portion 
of Fas/APO-1 results in a molecule with enhanced 
cytotoxic activity, suggesting that this region may act 
as an inhibitory domain*. 

By northern blot and inunurwhistocherrucal analy- 
ses, expression of Fas has been identified in a wide 
variety of tissues and ceHs , - 1,0 - , * Fas/APO-1 mRNA 
was detected in mouse liver, heart, ovary, muscle and 
th vmus. but not in brain/bone marrow and spleen 10 . 
- Fas/APO-1 is present in numerous cell types includ- 
ing hepatocytes. endothelial cells. keratinoc>-tes. 
intestinal tract epithelial cells and lymphocytes. In 
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resting lymphocytes expression is low or unde- 
tectable, but It greatly "increases upon cell actrvation- 

UentlflcatJoA of the Fm/APO-1 Mgaml 

Following cloning of the Fas/ APO-1 receptor. Its 
ligand was highly sought by immunology The cells 
that expressed the ligand and whether it was a sol- 
uble or cell-associated molecule were not known. An 
important due was provided by the observation that 
PC60 cells, a cytotoxic T<eH hybridoma line, could 
ryse target ceHs bearing Fas/APO-1 but not cells 
lacking this receptor 1 '. A chimeric fusion protein 
consisting of the murine Fas/APO- 1 and an immuno- 
globulin FC construct was used to select a sub popu- 
lation of these ceHs producing the Fas/APO-1 ligand, 
and to done the gene encoding the hgand. The gene 
encodes a 40 kDa type II transmembrane protein". 
Not surprisingly, the C-terminal region displayed strik- 
ing homology to TNF and related factors (Fig. 2). As 
with the binding of TNF to its receptors, Fas/APO-1 
receptor engagement seems to be primarily mediated 
by direct cell-cell contact. However, since super- 
natants of transfected COS cells contain cytotoxic 
activity. Fas/APO-1 ligand. tike TNF. may be proteo- 
lytkaUy released from the cell membrane and physio- 
logically active in a soluble focm. 

ThemRNA for Fas/APO-1 ligand is detected at high 
levels in rat testis whereas kidney, small Intestine and 
lung produce only moderate levels". The ligand is 
present constitutively in spleen and at low levels in 
the thymus. Expression h greatly increased upon 
treatment of cells with concanavalin A. or phorbol- 
csters together with Ca 2 - ionophores. 

Signal transductloo"by Fai/ APO-1 

Fas/APO-1 exhibits several structural and func- 
tional similarities to the TNF receptor system. The 
receptors show significant homologies to each other in 
their extra- and intracellular regions. By analogy to the 
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FIGURE 1 


Schematic repr«enUt«n of f «7APO-1 and selected memben of ^ ™ 
receptor superWy. W The three to six hornoJooo^ cystine 
the extracellular part, indicted as boxes, are a character** feature. of these 
molecules- Black points mark N-glycosyfatJon site*. The tinted box « the 
cytoplasmic domain of f »s/APO-1 and TNf-RI represents a conserved reg«m. 

termed the death domain. TNF-R, tumour necrosis factor receptor; NCF-R. 
low.,ffinity nerve growth factor receptor; CD40. B-cefl surface antigen; CO 30. 
^ g lurvrvTnprK>ma^ssociated antigen; C027. T<e« surface antigeru 
(b) Sequence homologies of the death domain in the cytopUsmic part of 
Fai/APO-1 andTNF-RI. Identical residues ire indicated by stippled boxes 


interaction of TNF with its receptor, the Fas/APO-1 
ligand may act as a trimei that triggers receptor 
crosslinking, thereby resulting in transduction of a 
signal able to kill various cell types 1 *. The cyto- 
toxicity of both molecules is potentiated by in- 
hibitors of protein synthesis. Hence, cell death 
mediated by Fas/APO-1 and TNF-R! has been specu- 
lated to involve similar or at least partially over- 
lapping pathways. 

However. Fas/APO-1 -induced cytotoxicity differs 
from that induced by TNF in its biochemical and, at 
least in some cell types, morphological features (Fig. 
3). TNF kills L929 fibrosarcoma cells by necrosis, as 
indicated for instance by early mitochondrial dam- 
age and lack of considerable DNA fragmentation* 121 . 
In contrast, treatment of these cells with anti-APO-1 
triggers membrane Webbing, cleavage of genomic 


DNA into internucleosoma! fragments and cellular 
shrinkage - the hallmarks of apoptosis. Therefore, 
these molecules can apparently trigger distinct forms 
of cell death in a single cell cype. In other cells, such 
as U937. anti-APO-1 as well as TNF induce apoptosis, 
but different mechanisms are also apparent in these 
cells TNF-induced cytotoxicity is mediated by reac- 
tive oxygen intermediates (ROD generated in the 
mitochondrial respiratory chain'"*; this has been 
demonstrated by the use of protective mitochondrial 
inhibitors and antioxidants as well as by the iso- 
lation of cell clones that lack a functional respir- 
atory chain and. consequently, are TNF resistant. 
By contrast, ROI are not involved in Fas/APO-1 - 
mediated ototoxicity, since neither antioxidants nor 
other known inhibitors of TNF block Fas/APO-1- 
mediated apoptosis. The fact that some tumour 
cells are selectively killed by anti-Fas and others by 
TNF, even though both receptors are expressed to 
the same level, further indicates distinct signalling 

^ThlTs^cond messenger system used by Fas/APO-1 
has not yet been identified. Changes in Ca>* homeo- 
stasis or Intracellular pH. which are associated with 
some forms of apoptosis (see the article by Orrenius 
and McConkey in this series), cannot be seen in re- 
sponse to anti-APO-1. A characteristic event induced 
by anti-APO-1 and other inducers of apoptosis is the 
cleavage of genomic DNA, suggesting that endo- 
nuclease activation may be a primary step in signal 
transduction. However, using enucleated cells we 
have recently found that key morphological features 
of apoptosis can also be Induced in the absence of a 
cell nucleus". It therefore appears that apoptosis 
mediated by Fas/APO-1 primarily Involves cytoplas- 
mic rather than nudear events. 

As in the case of TNF, it is still controversial 
whether Fas/APO-l-mediated cytotoxicity is inhib- 
ited by Bcl-2, the proto-oncogene product that blocks 
cell death and promotes survival in several systems 
(see the article by Nunez and Clarke in this senes). 
Overexpression of be! 2 or the adenovirus Elbg^M 
protects the myeloid ceU line FDCP-1 and the T-celt 
lymphoma line WR19L against both anti-Fas .and 
TNF M Furthermore, in leukaemk cells from B<ell 
chronic lymphocyte leukaemia patients, resistance to 
anti-APO-1 coneUtes with W-2 expression, although 
in other cases no correlation has been found~. 

A remarkable difference between the Fas/APO-1 
and TNF receptor system is that Fas/APO-1 action 
seems to be far more restricted to apoptotk events 
than the action of the pleiotropic cytokine TNF. TNF 
rs known to induce expression of genes encoding vari- 
ous cytokines, cytokine receptors, adhesion mol- 
ecules and other immunoregutatory gene products 
Activation of these genes largely contributes to the 
profound proinflammatory effects of TNF. In con- 
trast, genes typically induced by TNF, such as those 
encoding ICAM-1. manganese superoxide dismutase 
or interleukin 6. are not upregulated in response to 
Fas/APO-l activation. Consistent with this, several 
TNF-inducible transcription factors, such as NF-xB. c- 
Mvc or AP- 1 . are not activated by anti-APO-1 in Ut& 
ceils The pivotal function of Fas/APO-1 in apoptosis 
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does not exclude a role for it in inducing gene 
expression under certain conditions. In conjunction 
with T-cell-receptor activation or other signals in T 
cells, Fas/APO- 1 may act as a costimulatory molecule, 
enhancing gene expression of tme.-knikin 2 and other 
cytokines". In addition, some transformed B- or T- 
cell lines can respond to anti-APO-l by proliferating 
and not by dying 2 * M . This is consistent with the 
notion that overlapping signal transduction path- 
ways are involved in both apoptotic and proliferative 
events. 


Autoimmune disorders caused by defects of 
Fas/APO-1 and Its Ugand 

Our understanding of the role of Fas/APOl and Its 
Ugand has been greatly enhanced by the finding that 
both molecules are mutated in mouse strains suffer- 
ing from severe autoimmune diseases. Using a cos- 
mid probe, the human Fas/APO-1 gene has been 
mapped to chromosome lOq within a region that is 
syntenic to the distal segment of mouse chromosome 
19 (Ret 29). Assignment of the mouse Fas/APO-1 
gene to chromosome 19 by interspecific backcross 
analysis indicated that Fas is encoded by the normal 
counterpart of /pr(lymphoproliferation), a gene locus 
responsible for the development of lymphaden- 
opathy and systemic autoimmunity in certain mouse 
strains 10 - 30 . Indeed, the genetic defect in tpr has sub- 
sequently been demonstrated to be caused by inser- 
tion of a retroviral transposon (ETn) into the second 
intron of the Fas/APO-1 gene 31 ". This mutation 
results in premature termination and reduced levels 
of Fas/APO-1 transcripts. In contrast. Ipr* mice con- 
tain a point mutation in the conserved cytoplasmic 
region of Fas/APO-1. which causes the replacement 
of an isoleucine with an asparagine residue and 
thereby abolishes the ability of Fas/APO-1 to trans- 
nut apoptotic signals. 

The defective apoptosis in Ipr mice prevents the 
proper deletion of certain populations of lympho- 
cytes, and they accumulate aberrant, double-negative 
T cells (lacking CD4 and CD8 molecules) in their 
spleen and lymph nodes 3 *, tpr mice also have an 
intrinsic B-cell defect leading to the production of 
autoantibodies and systemic lupus erythematosus 
(SLEHike symptoms. In vitro, this defective apopto- 
sis can be demonstrated by, for instance, stimulating 
T cells with the superantigen staphylococcal entero- 
toxin B (SEB), and then restimulating the cells with 
SEB or anti-CD3: normal CD4* T cells undergo apop- 
tosis in response to this treatment, but Ipr cells 
remain viable 14 . 

Mice with mutations in the %ld (generalized lynv 
phoproliferative disease) locus develop a syndrome 
that is indistinguishable from Ipr. Since Ipr and $ld 
mutations are non-alleltc, it was speculated that the 
loci might represent independent mutations of 
a receptor-ligand system. This idea was initially 
supported by bone marrow transplantation exper- 
iments indicating that Ipr and %\d encode genes 
expressed on different cells 56 . Very recently, the gene 
encoding the Fas/APO-1 ligand was mapped to 
mouse chromosome 1 (Refs 37.38). Sequence analysis 
of the %ld gene revealed a single amino add change 
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in the C-terminal portion o; the Fas. APO-1 Ugand 
gene. Furthermore. COS cells transfectcd with the 
Fas/APO- 1 ligand gene derived from ^M.but not from 
normal, mice failed to induce apoptosis of Fas/APO- 1- 
expressing cells. 

Intrinsic defects in the Fas/APO-1 receptor or li- 
gand genes have not yet been described in man- 
However, in patients afflicted with SLE. a Fas/APO-1 
mRNA species has been detected that encodes a sol- 
uble protein lacking the intracellular and transmem- 
brane region". Like forms of the TNF receptor that 
compete for TNF, this soluble protein competes with 
the membrane-localized Fas/APO-1 receptor for li- 
gand binding and can inhibit Fas/APO-1 -mediated 
apoptosis in vitro. Elevated levels of soluble Fas/APO-1 
may therefore play a role in the pathogenesis of 
SLE and similar disorders. This is further underlined 
by the observation that repeated injections of 
soluble Fas/APO-1 affect lymphocyte development 
in mice. Increased serum levels of soluble Fas/APO-1. 
generated by either alternative splicing or recep- 
tor shedding, have also been found in certain 
B- and T-cell leukaemias. Thus, it is conceivable that 
soluble Fas/APO-1 proteins contribute to the patho- 
genesis of autoimmune disorders as well as to 
escape from immunosurveiltance and to tumour 
development. 


Physiologic*! roles of Fas/APO-1 

The physiological role of Fas/APO-1 has mainly 
been addressed in the immune system. Studies 
with the Ipr and j« loss-of-function mutations have 



FIGURE 2 


Th« TNF family of Sgands: some important TNF-related loands are shown. The 
homologous C-termina! domains are indicated by boxes. The non<onserved 
extracellular and cytoplasmic domains are shown by bars. The numbers mdfcate 
amino acid residues in each of these domains. Lymphoioxin o (LTo) « shown as 
both a soluble form and as part of a rnembrane-bound complex with 
rymphotoxin p (LTp). 
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would arcue against an involvement of Fas/APO-1 in 
newtive^lection. Howeve.. although initUI stud,es 

duce some Fas/APO 1 . It cannot be excluded that this 
f^e^exptessionofFas/AP^lhsuf^enttomg- 
ger normal negative selection in ^ m«Jn lymph 
nodes and other organs from fpr and i« 
,ant double-negative T cells accumulate that express 
B220. a surface antigen that is usually found on B 
cells. It has been proposed that this populahon , ma> 
be neglected* in the thymus and escapes to the per- 
ShS «««e it proliferates and gives rise to lymph- 
adenopathy". In addition, in man a subset of thy- 
mocTes nis beet, defined that is charactered by 
hXvels of Fas/AKM and a Urge fraction of dead 
X> The question of whether Fas/APO-1 is .ea ly 
involved in negative selection therefore requires 

Uted vi, their T<elt receptors, to normal mic^rest^ 
tag lymphocytes express either low o, ( «*£?JJ 
levels of Fas/APO-1. but expression increases ara 
rafcaUyuponactUion of T cells withphyto_ 
haemajlutlnin and intedeukln 2. or activarton of B 
ce^s wK^weed mitogen-". However this does 
nnt «Xkri to enhanced susceptibUity. and 

similar Fas/APO-1 levels, only slx-day-old cells are 
sSve to anti-APO-1". Very recent data suggest 
hafan^ge^-dnvenT<ell death may be further con- 
roueSat the level of Fas/APO-1 ligand expre^on 
rR,h& 44 4S P H.Kiammet.pen commun.).T-cell- 

thesis and is inhibited by cydohextmnJe. The U« 
ha, activation-induced T«cU death H abated 
with Fas/APO-l Ugand expression and inhibited by 
reu.S»?Vas/A 8 P0-l »*«*^?J 
the possibility that cell death is tegula ted by the 
inducible expression of the Ugand (Fig- 4). 

Activation-induced cell death by Fas/APO-l rs also 
see^hin .he B^eil compartment. In 
lokle Fas/APO-1 H present at ^££t«££ 
which B-ceU apoptosis occurs". In a recent stuoy 
peripheral Wood lymphocytes from dono« tm 
m..ni7ed with tetanus toxoid were iniected Into 
XetmWned hnmunodeficient 0OD1 mice and 
.estimulated with the immunogen both wrthan a 
without anti-APO-1-- Coin ection o ant ^PCM 
resulted in the selective loss of the 
o3 Specific igG response but not « 
of unrelated antibody production Therefore 
Fas/APO-1 is likely to play » d,rect nrte 

"SSo-l is also thought to contribute to Ca'"- 
independentcsnotoxicT^ell activity". Although the 
mtXce of this mechanism is not fully undet- 
S thTf inding may explain why some cytotoxic 
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T-cell clones can Ivse target cells in the absence of 
traditional effector molecules, such as J«^™« « 
perforin. As mentioned above Fas/APO-1 «»y r also 
ict as a costimulatory molecule augmenting T-cell 
activation and cytokine 

tor engagement is primarily mediated by cell-<eU 
contact, Fas/APO-1 and its ligand may prov.de a 
coordinated signal with other signallmgi receptor- 
lieand pairs, such as B7-CDZ8. C027-CD27L or 
CnslcDl. and thereby provide a level of flexibility 
to the immune response- .. /IKV1 
These findings indicate a central role of F^APO^l 
in lymphocyte development and regulauon of the 
^mTne r^onse. Functions of Fas/APO-1 m non- 
lymphoid cells, however, are still entirely unknown. 
Fas/APO-i and its ligand can be found in a wide var- 
iety of tissues and thus it seems likely that apoptosis 
trigg«ed by Fas/APO-1 b involved In r*>rmal ceU 
turnover and tissue homeostasis. For example, high 
levels of Fas/APO-1 ligand mRNA have been ^detected 
in the testis, and it is conceivable that « 
involved in apoptosis of germ ceUs' l ^a /AP^l 
may also be involved in tissue turnover in liver 
kidney or skeletal muscle, where ligand mRNA is 
abundant 

Fas/APO-1 action In viral and other diseases 

Dysfunction of the Fas/APO-1 system is intimately 
baked to autoimmune diseases caused by the impaired 
removal of autoreactive lymphocytes. However 
other diseases may be related to ^pr^opnate ^and 
abnormal Fas/APO-1 activation. Fas/APO-1 « WgMy 
expressed In virally infected cells, such as ^EBV. 
infected B cells or HTLV-l-transformed T cells . 
During viral Infection, induction of apoptosis by 
Fas/APO-1 may serve as a defence mechanism to 
eliminate virus-infected cells and to limit virus pro- 
duction. Conversely, several apoptosis suppressor 
and M-2-related genes identified in viral genomes 
may counteract this process (see the article by 
Osborne and Schwartz in this senes). _ ^ 

There is accumulating evidence that Fas/APO-1 ts 
crucially involved in T-cell depletion and tissue 
destruction during HIV progression. HIV infection 
results in elevated expression of Fas/APO-1 and *n- 
sitivity towards Fas/APCM-triggeted cell death*™. In 
addition, there is no doubt that depletion of T lym- 
phocytes is the consequence of continued apoptosis 
durmg/UDS progression^" (see the artide by Ameisen 
in this series). Peripheral blood lymphocytes from 
HIV-infected patients show an increased incidence of 
apoptosis in vitro. Crosslinking of the CD4 molecule 
bv antibodiesor the HIV envelope protein gpl20has 
been found to sensitize T cells to apoptosis or even 
to induce cell death directly**- 54 . However, CD4-trig- 
gered depletion of T lymphocytes was not curved 
in tor mice, suggesting the involvement of Fas/APO-1 
in this process 14 . By analogy to T<ell-receptor-stimu- 
lated cell death. CD4 triggered apoptosis may in- 
volve the inducible expression of Fas/APO-1 ligand 
(Fig. 41 although this has still to be demonstrated. 
Ligand expression may directly induce T lympho- 
cytes to 'commit suicide', with Fas/APO-l and 
its ligand governing cell death in the same cell. 
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Alternatively, cell death may proceed in a fratricide 
or paracrine manner, requiring cell^ell interactions 
of ligand- and receptor-expressing cells. 

Abnormal activation of Fas/APO-1 may also be 
related to disease processes in non-immune tissues, 
such as in AlDSassociated muscle atrophy and neuro- 
degeneration. and in Alzheimer's disease, diabetes 
mellitus or virally induced hepatitis- Remarkably, 
injection of anti-murine Fas/APO-1 antibodies causes 
fulminant hepatitis, resulting in the rapid death of 
mice within only a few hours". Certainly this sys- 
temic toxicity and the wide expression of Fas APO- 
currently preclude a direct application of Fas/APO-1 
ligand or agonistic antibodies in situations where 
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a rapid death of unwanted cells would be of clinical 
benefit. 

Conclusions 

In the past few vears, molecular and genetic analy- 
ses have helped enormously in enhancing our 
understanding of the importance of apoptosis and 
the biology of Fas/APO-1. However, before either 
induction of apoptosis or prevention of ceil death 
via manipulating Fas/APO-l function can be ex- 
ploited as a clinical therapy, several key questions 
need to be answered. What is the intracellular path- 
way of Fas/APO-1 action and the nature of the death 
signal? Which pharmacological drugs or endogenous 
mediators can rescue cells from Fas/APCM- mediated 
cell death? What mechanisms control activation of 
the Fas/APO-1 death programme in vivo, and how is 
the expression of the Hgand regulated? The tackling 
of these issues is of fundamental Importance, smce 
apoptosis offers powerful tools for clinical inter- 
vention. Identification of the intracellular pathway 
of Fas/APO-l-mediated cell death may allow us 
to specifically induce apoptosis of undesirable 
cells such as cancer or autoreactive immune cells. 
Alternatively, if aberrant forms of Fas/APO-1 acti- 
vation can be pharmacologically controlled, perhaps 
cell depletion in AIDS or neurodegenerative diseases 
can be prevented. 
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